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Apollo Exploration of the USA 





Magma Ocean concept applied to Earth (e.g., McCulloch et al., 
1986) and Mars (Elkins-Tanton et al., 2003).   
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Unhappy Moon! 



Helium-3 

Nuclear fusion of 3He produces no 
radioactive waste and (theoretically) 
a lot of energy! 

As a replacement for that fuel, 
that 25-tonne load of 3He would 
worth on the order of $75 billion 
today, or $3 billion per tonne.



Terrane Boundaries. 

[B. Jolliff et al. (2000) 
JGR 105, 4197] 





Exogenous Volatiles on the Moon 



Exogenous/Endogenous Volatiles on the Moon? 



Old Paradigm, new planet:   
“We’ve found water on Mars the Moon – again!!” 



Apollo 17 



Endogenous Volatiles 

Apollo 15 Green Glass (VLT) 
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Saal et al. (2008 
Nature 454, 192-195) 

Water in the Glass Parent Magma: 
260-745 ppm 



Endogenous Volatiles 
14053 McCubbin et al. (2010) 

Proc. Nat. Acad. Sci. 107, 
11223-11228. 

Water in Mare Basalt 
Sources: 2-5 ppm 

OH content of phosphates 

Liu et al. (2010) LPSC 41 
Boyce et al. (2010) Nature 466, 466-469 

14053,241 





Network too restricted to define 
global lunar structure 



Four types of events induce 
seismicity on the Moon. 







Dainty et al. (1974) 
The Moon 9, 11-29. 



The Moon is the smallest planetary body in the inner 
solar system with an old planetary surface.   
It’s evolution was halted at an early stage so its 
structure represents the initial stages of terrestrial 
planet differentiation. 
The Moon therefore represents an end-member. 



Jolliff et al. (2000) JGR 105, 4197 

Giguere et al. (2000) MaPS 35, 193 
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Oberst & Nakamura (1992) 2nd Conference on Lunar Bases & Space Ac>vi>es 



Plas>c/liquid  
zones? 





Commercial Services for 
Refueling depots. 





•  The current robotic missions 
(LRO and LCROSS) are not 
sufficient. 



Soviet Technology 





The Moon represents the “Rosetta Stone” for the science & 
exploration of the Inner Solar System: 

•  Preserves the earliest stages of planetary 
differentiation; 

•  Preserves the early bombardment history of the inner 
solar system; 

•  It is the type locality for understanding the space 
weathering of airless bodies. 

New missions always produce new discoveries that require 
revision of previously formulated hypotheses. 

Important Solar System science questions remain that can 
be addressed by new missions to and data from the Moon. 



The Moon is an Exploration Asset: 
•  Technology Development (robotic & human science and 

exploration); 

•  Protection technologies  
for human missions; 

•  Systems Integration for 
human missions. 




